ABSTRACT -The genetic variability within the crop species Ipomoea batatas is broad, hence, in order to support future breeding programs it is of the utmost importance that germplasm banks be created, conserved, and characterized. Therefore, the objective of this work was to rescue and evaluate the genetic divergence in sweet potato accessions collected in traditional communities of Vale do Ribeira Paulista. Sweet potato samples were collected from quilombos, indigenous villages, caiçaras communities, and small farms. The study was conducted between February 2013 and August 2014 in a randomized block design with three replications. Genetic material included 95 collected accessions and two commercial cultivars. Morphological characteristics of the accessions were evaluated and distances in the genetic distance matrix were estimated by means of multicategory variables, the data being subsequently clustered by the Tocher method. Analysis of the relative contribution of each characteristic and phenotypic correlation of descriptors was also performed. Results evidenced wide genetic diversity among the sweet potato accessions collected in Vale do Ribeira, which were not grouped according to the collection point. The descriptors that contributed more than 60% of genetic diversity included: leaf size, general leaf profile, immature leaf color, petiole pigmentation, predominant branch color, branch secondary color, stem length, cortical thickness, predominant periderm color, and periderm color intensity. Correlations between morphological descriptors was observed in 22.26% of the paired traits.
INTRODUCTION
Sweet potato (Ipomoea batatas (L.)) is listed among the seven main food crops in the world (NSA; OKON; ROBERT, 2013) , and is one of the five major crops in 50 countries (THUMÉ et al., 2013) , among other properties, because it produces large amounts of energy per unit area per unit time (MUKHOPADHYAY et al., 2011) .
This vegetable contains many nutrients, including proteins, carbohydrates, minerals (calcium, iron, and potassium), carotenoids, dietary fibers and vitamins (C, folic acid and B6); it is low in fat and sodium. The characteristic yellow or purple color of the root pulp is due to the large amount of carotenoids or anthocyanins, in each case (PARK et al., 2014) . In addition, it is recommended in the diet for patients with diabetes or pre-diabetes because of its low glycemic index.
Currently, China is the world's largest sweet potato producer, with a total of 788 million tons year , while Brazil is the 20 th producer, with an average productivity of 12.28 t ha -1 , equivalent to 54.4% of the Chinese average yield (FAO, 2015) . Cultivation in all states of the federation makes sweet potato the fourth most consumed vegetable in Brazil (OLIVEIRA et al., 2005) . In 2012 sweet potato ranked sixth among the six main vegetables cultivated in the country, with a cultivated area of 40,100 hectares (IBGE, 2015) .
Although it is an important crop for the country, particularly because of its social role as a highly nutritional and inexpensive food, and despite its potential to generate employment and income as it demands considerable manpower, sweet potato is still a poorly researched crop in Brazil, especially with regard to the development of new cultivars adapted to the different Brazilian regions. Currently used cultivars have become obsolete, low yielding, and quite susceptible to diseases, mainly foot-rot (Plenodomus destruens), and to nematode attack, especially by the genera Meloidogyne and Rotylenchulus.
The use of improved cultivars potentiates substantial increases in agricultural productivity. For over 70 years, breeding programs have been one of the pillars of high productivity in Brazilian agriculture. However, significant genetic gains in new varieties almost always implies the gradual loss of genetic variability, as the selection of superior genotypes is based only on those attributes correlated with high productivity. Therefore, it is important to characterize old genotypes cultivated by traditional producers, to maintain them in collections of germoplasm to avoid genetic erosion, and to use them in novel breeding programs aimed at creating superior genotypes for future use (MACIEL et al., 2016) .
The variability within the genus Ipomoea is high due to the high ploidy level, typical of many cultivated species (RITSCHEL; HUAMÁN, 2002) . However, much of this variability found in small farmer and low income peasants plots is being lost because of the changes in agricultural practices. Thus, it is of great importance to form and maintain gene banks with traditional varieties of sweet potatoes from different regions of the country. Based on a literature review, Silva et al. (2014) reported the existence of three gene banks of sweet potato in Brazil: 1) Embrapa Hortaliças, created in the 1980s and located in Brasília-DF; 2) Universidade Federal dos Vales do Jequitinhonha e Mucuri (UFVJM), located in Diamantina-MG; and 3) Universidade Federal do Tocantins (UFT), located in Palmas-TO, created in the 1990s.
Notwithstanding, this paradigm should be changed, as the society is looking for foods with high levels of bioactive compounds and better flavor that are sustainably produced and adapted to global climate change. To that effect, it is important to remember that there are still places with different settlements (quilombos, indigenous villages, caiçaras communities) where the crop production system focuses mainly on guaranteeing the subsistence of the local population; since producers use only the local varieties, existence of a wide genetic base is an intrinsic advantage in this system of crop production.
The basis for improvement of any crop is in the genetic variability available for selection. Efficient use of this variability depends, firstly, on a well-maintained and meaningful collection of the available intra-and interspecific variation; secondly, on a thorough evaluation of the characteristics of each accession; thirdly, on an advanced test program to evaluate the best materials under representative conditions, and, finally, on a hybridization program to combine the desirable characteristics of different genotypes (CARDOSO et al., 2005) .
Under the hypothesis that there is ample genetic variability among the accessions of Ipomoea batatas maintained by farmers, this work aimed to rescue and evaluate the genetic divergence in accessions collected in traditional communities of Vale do Ribeira.
MATERIAL AND METHODS
Samples, either branches or roots were collected from sweet potato plants grown in traditional communities of Vale do Ribeira (South of the state of São Paulo): quilombos (Afro-Brazilian descendants of slaves who escaped from slave plantations that existed until abolition of slavery in 1888); indigenous villages, and caiçaras communities (traditional communities of the Atlantic Rainforest along Brazil's south and southeast coast). Accessions were also collected between February and November of 2013 in seven municipalities by small farmers as well as in the peri-urban gardens where they cultivate this vegetable for subsistence .
At each collection point, the municipality, location (community or neighborhood description), donor name and geographic coordinates were registered upon receiving an identification/code. The code elaborated was constructed taking into account the region, year, and collection number. The gathering of young branches of sweet potatoes was then carried out. In the absence of branches, roots were sampled; this material was then identified, stored in paper bags, and transported to the laboratories at Universidade Estadual Paulista, Campus de Registro.
Ninety-five sweet potato accessions were collected in seven municipalities covering all i.e., high, medium, and low-regions of the Vale do Ribeira (Table 1) , which represent 30% of the municipalities in the region.
Ninety-five sweet potato accessions were collected in seven municipalities covering all i.e., high, medium, and low-regions of the Vale do Ribeira (Tables 1 and 2 ), which represent 30% of the municipalities in the region. According to Köppen the climate is classified as Cfa (CEPAGRI, 2015) , characterized by hot summers, trends of rainy concentrations in the summer months, yet with no definite dry season. Mean maximum and minimum temperatures during the study period were 29.5 °C and 19.3 °C, respectively. Total precipitation was 532.3 mm.
The experiment was laid in a randomized block design with 95 accessions collected in Vale do Ribeira, plus two commercial cultivars, 'Brazlândia Branca' and 'Brazlândia Roxa' (control treatments). Thus, the study comprised 97 treatments with three replicates. Each experimental plot consisted of 10 plants on one row with a useful area comprising the eight central plants on each row.
Cultivar 'Brazlândia Branca' is characterized by white skin and light creamed colored pulp. Roots are elongated and uniform in shape. Leaves are large, measuring 12 to 15 cm in length and 13 to 17 cm in width (EMBRAPA, 2015) . As for cultivar 'Brazlândia Roxa,' it is characterized by a purple skin and a cream colored pulp. The shape of the roots is elongated and very uniform. The leaves, both the old and the new, are green in color, measuring 11 to 15 cm in length and 10 to 15 cm in width at the base (EMBRAPA, 2015) . The soil chemical properties at the plantation site were determined prior to establishing the study. Soil samples were collected from the 0-20 cm layer. These samples were sent to the Laboratory of Soil Fertility at the Unesp-Botucatu Campus.
Liming was carried out by manual application of 0.396 t ha -1 of dolomitic limestone to the soil in the study area two months before the transplant in order to raise the base saturation to 60% (MONTEIRO; PERESSIN, 1997). On 1st February 2014, each accession was propagated from sweet potato mini-cuttings removed from the middle and upper thirds of selected branches, with two nodes each (RÓS; NARITA, 2011). Seedlings were watered twice daily, in the morning and then in the evening.
Grooves 40 cm high were raised one meter apart at the same time that manual planting fertilization was performed by mixing the soil with 500 kg ha -1 of the formula 4:14:8, 133 kg ha -1 of potassium chloride and 166 kg ha -1 of simple superphosphate, for a final dosage of 20, 100 and 120 kg ha -1 of nitrogen, phosphorus and potassium, respectively (MONTEIRO; PERESSIN, 1997) .
Seedlings were transplanted to the permanent site on February 24, once they were completely developed. Evaluation of vegetative shoots started on May 17, when plants had undergone enough vegetative growth to appear well established in the field. Morphological characteristics of shoots and roots of each accession were evaluated. The characterization regarding the attributes of the shoots were obtained from the central part of the branches, using three leaves per plant and four plants per plot. For the characterization of the roots, two roots were selected representing the entire portion in relation to the size, shape, and mass.
Morphological characterization based on 23 descriptors of roots and shoots of sweet potato plants was carried out following the methodology described by Huamán (1992) . Descriptors included: leaf size; general leaf profile; type of leaf lobe; number of leaf lobes; shape of the central lobe of the leaf; mature leaf color; immature leaf color; petiole pigmentation; petiole length; lower ribs pigmentation; predominant color of the branches; secondary color of the branches; pubescence of the apex of branches; stem length; root shape; defects on the surface of the root; cortical thickness; predominant color of the periderm; periderm color intensity; secondary color of the periderm; predominant color of the pulp; secondary color of the pulp; and distribution of the secondary color of the pulp. For each descriptor, there were different numbers of phonotype class, each phenotype class assigned a note. For example, phenotype classes for leaf size were preestablished as; small (<8 cm), medium (8-15 cm), large (16-25 cm) or very large (> 25 cm), for which assigned notes were 3; 5; 7 or 9, respectively.
To study the genetic divergence among the accessions, multivariate analysis on the morphological data was performed, since morphological traits in germplasm description are less influenced by the environment (MENEZES et al., 2011; VIEIRA et al., 2008) . Thus, the estimated genetic distance matrix was elaborated using the multi-category variables, the data being subsequently grouped by the modified method of Tocher, which is based on the formation of groups whose distances within groups are smaller than the distances between groups (FARIA et al., 2012) . Analysis of the relative contribution of each characteristic to the genetic divergence was practiced according to the method proposed by Singh (1981) and phenotypic correlation between paired descriptors was estimated by Pearson correlation coefficients.
The magnitude of the correlation coefficients was classified according to the criteria proposed by Carvalho, Lorencetti and Benin (2004) : 0 = nil; 0.1 to 0.30 = weak; mean = 0.31 to 0.60; strong = 0.61 to 0.90; very strong = 0.91 to 1.
All analyzes were performed with the aid of Genes software (CRUZ, 2013) .
RESULTS AND DISCUSSION
One hundred and seventy two morphological classes divided into 23 morphological traits of roots and shoots of sweet potatoes were evaluated. Results evidenced the expression of 70.35% of these classes. Nine descriptors, including shape of the central lobe of the leaf, immature leaf color, lower ribs pigmentation, predominant color of the branches, secondary color of the branches, stem length, root shape, pubescence of the apex of branches, and periderm color intensity, accounted for the expression of more than 85% of the possible classes within each descriptor (Figure 1) .
Despite inescapable difficulties in classifying plant morphological characteristics due to subjectivity, this methodology for the study of germplasm diversity is often the method of choice (FONGOD; MIH; NKWATOH, 2012), given the easiness of application and its low cost (VIEIRA et al., 2008) .
The descriptor's mature leaf color, secondary color of the periderm, and cortical thickness, showed lower level of expression in the different possible classifications (Figure 1) . Figure 1 . Percentage of expression of morphological classes in their descriptors: LS, leaf size; GP, general leaf profile; TL, type of leaf lobe; NL, number of leaf lobes; SCL, shape of the central lobe of the leaf; ML, mature leaf color; IL, immature leaf color; PIG, petiole pigmentation; LEN, petiole length; LRP, lower ribs pigmentation; PC, predominant color of the branches; SC, secondary color of the branches; PAB, pubescence of the apex of branches; SL, stem length; SHA, root shape; DS, defects on the surface of the root; CT, cortical thickness; PCPe, predominant color of the periderm; INT, periderm color intensity; SCPe, secondary color of the periderm; PCPu, predominant color of the pulp; SCPu, secondary color of the pulp; DSC, distribution of the secondary color of the pulp.
Cluster analysis run on the basis of 23 morphological traits of sweet potato accessions collected and grouped by Tocher's method, enabled classification of the 95 accessions collected in Vale do Ribeira and two commercial cultivars, in 11 groups; This high number of groups confirmed the existence of a desirable large degree of genetic variability among the accessions studied (Table 3) since, based on the formation of these 11 groups, it is possible to select divergent genotypes for hybridization. As Casassola et al. (2013) have pointed, parental selection is an important first step in any breeding program and the genetic diversity found in this study guaranties ample opportunity for crossings between divergent genotypes to promote expression of large genetic variability in the segregating offspring, which in turn will surely allow selection of promising genotypes to be selected for agronomic superiority.
Our results showed the grouping of 70 accessions in group I, including the two commercial cultivars, Brazlândia Branca (VR13-96) and Brazlândia Roxa (VR13-97). A previous study to determine the magnitude of genetic divergence among 135 accessions of sweet potatoes using morphological descriptors (FABRI, 2009 ) verified that accessions did not group together by color or geographic region, indeed, very distant accessions can be morphologically similar, even duplicates, a fact also verified in the present study, especially by the integration of group I.
Group II included six accessions, four of them collected in the quilombo Peropava (VR13-16; VR13-25; VR13-27; and VR13-33). We conclude that, although collections have occurred in subsistence gardens of different quilombos, either they are the same genotype or they are genetically close. A common practice among the residents of quilombos is the exchange of landraces. The other two accessions in this group were collected in the quilombo Nhunguara (VR13-53) and in the rural neighborhood of Sabadela, municipality of Sete Barras (VR13-83), respectively. The third group contained five accessions collected in the quilombo Mandira (VR13-02), rural neighborhood of Rio Branco, municipality of Cananéia (VR13-13), quilombo São Pedro (VR13-49), rural neighborhood of Iporanga (VR13 -67) and Indian village Peguao-Ty (VR13-77).
Two accessions were grouped in group IV, collected in the Indian village Peguao-Ty (VR13-79 and VR13-80) which are therefore genetically close.
Group V included five accessions, two of them (VR13-42 and VR13-43) from the city of Ilha Comprida, in Pedrinhas. Although they were collected in different gardens (Table 3) , quite likely they are duplicate accessions or, at least, genetically closely related. Using morphological descriptors and grouping by the agglomerative method UPGMA (unweighted pair group method with arithmetic mean) Veasey et al. (2007) also found two accessions genetically close which were collected at the same site. The rest of the accessions in this group were collected in the rural neighborhood of Rio Branco, municipality of Cananéia (VR13-11), quilombo Peropava (VR13-26) and rural neighborhood of Areado, of Sete Barras (VR13-87).
As shown in Table 3 , the four members in group VI were all collected in quilombos: Peropava (VR13-24), Ivaporunduva (VR13-51), Nhunguara (VR13-56) and Sapatu (VR13-59).
Groups VII, VIII, IX, X and XI (Table 3) had only one accession each: VR13-15 (quilombo Peropava), VR13-66 (rural neighborhood of Iporanga), VR13-78 (village Paguao-Ty), VR13-30 (quilombo Peropava) and VR13-01 (quilombo Mandira).
The number of groups established by the Tocher grouping in this study was higher than that found by Oliveira et al. (2000) who, using 51 accessions from different regions of the country (MG, MS, TO, ES, SP and BA), observed the formation of seven groups using the same method. In contrast, studies by Maquia et al. (2013) based on morphological descriptors and grouping of 44 accessions from different countries (Mozambique, South Africa, Zimbabwe, Kenya, Uganda, United States, Nigeria and Peru), by UPGMA method, registered the formation of six groups of similarity.
The high number of groups formed from the germplasm collection under study here compares to the report by Beviláqua et al. (2014) , in which the authors propose that the evolution of agriculture, especially in Brazil, has led to the emergence of several troubling issues for society, including genetic erosion.
Notwithstanding, the cultivation of staple foods for livelihood continues in traditional communities, unaltered by the evolutionary process undergone by commercial agriculture; alien to market principles and hunger for profit. In this respect, other attributes are equally or more important than productivity alone. Allied to this issue, the form of pollination in sweet potato, whose self-incompatibility guarantees cross-pollination, enhances genetic variability. Traditional selection, planting and maintenance practices carried out in these communities, all lead to the maintenance and expansion of genetic variability.
The relative contribution of each of the morphological characteristics to genetic divergence is shown in Table 4 . Low amplitude was found between the feature that most contributed to the divergence (secondary color of the branches) and the one which least contributed to it (secondary color of the periderm).
The characteristics that most contributed to the genetic divergence among accessions were: secondary color of the branches (8.44%), cortical thickness (7.05%), periderm color intensity (5.97%), stem length (5.77%) and leaf size (5.36%). As for the features that least contributed, these included: secondary color of the periderm (1.46%), mature leaf color (1.6%), secondary color of the pulp (1.78%), petiole length (2.27%) and defects on the surface of the root (2.45%).
Unlike the findings reported here, based on the analysis of 25 features Oliveira et al. (2000) found characteristics which contributed as much as 35.79% (distribution of the secondary color of the pulp) to the genetic divergence in a collection comprising 51 accessions. In the present study, the top five characteristics together amounted to a relative contribution of 32.59% to the genetic diversity reported, yet in the aforementioned study the corresponding value was 79.53%.
The knowledge of the degree of genetic closeness among objects in a large collection through correlation studies can identify traits that could be used as indirect selection criteria for yield or as secondary traits, thus improving the efficiency of the selection process (NEDER et al., 2013) . A positive and strong correlation has been observed (CARVALHO; LORENCETTI; BENIN, 2004) between general leaf profile and type of leaf lobe (0.763 ** ), number of leaf lobes (0.727 **
) and shape of the lobe (0.725 ** ); while a negative, mean correlation was registered between general leaf profile and immature leaf color (-0.332 ** ) and pubescence of the apex of branches (-0.447**) ( Table 4) .
The type of leaf lobe showed positive and strong correlation with number of leaf lobes (0.744 ** ) and shape of the central lobe of the leaf (0.773 ** ); but negative, mean correlation with pubescence of the apex of the leaf. Distribution of the secondary color of the pulp 2.66
As for the number of leaf lobes, this trait showed positive and strong correlation with shape of the central lobe of the leaf (0.641 ** ); and negative, mean correlation with pubescence of the apex of the leaf (-0.321 ** ). The shape of the central lobe of the leaf showed negative and strong correlation with pubescence of the apex of branches (-0.513 ** ). Considering all the correlations presented above between the paired traits under study and the relative contribution by each of them to the diversity among the accessions, only general leaf profile should be gauged, since it contributed most significantly to the genetic divergence among the accessions (5.34%). This correlation, indirectly, represents the type characteristics of leaf lobe, number of leaf lobes, lobe shape, immature leaf color and pubescence of leaf apex. Besides saving time, money and hand labor, this indirect selection made through correlated characteristics, allows to characterize more complex or difficult traits under indirect selection through selection of the correlated character (GONÇALVES NETO et al., 2012) . The following paired traits were strongly correlated: petiole pigmentation and predominant color of the branches (0.728 ** ); secondary color of the periderm and predominant color of the pulp (0.532 ** ); predominant color of the pulp and distribution of the secondary color of the pulp (0.742 ** ) and, secondary color of the pulp and distribution of the secondary color (0.717 ** ). There was also a mean correlation between mature leaf and lower ribs pigmentation (0.376 ** ); immature leaf and petiole lengths (0.350 ** ); petiole pigmentation and lower ribs pigmentation (0.324 ** ) (Table 6) (Table 7 ). There were other significant correlations by t-test; however, due to the low correlation coefficient (0.1 to 0.30), these values should be taken with caution (Tables 5, 6 and 7). 1 **, * Significantly different at 1% and 5% probability, respectively, according to a t test. LS, leaf size; GP, general leaf profile; TL, type of leaf lobe; NL, number of leaf lobes; SCL, shape of the central lobe of the leaf; ML, mature leaf color; IL, immature leaf color; PIG, petiole pigmentation; LEN, petiole length; LRP, lower ribs pigmentation; PC, predominant color of the branches; SC, secondary color of the branches; PAB, pubescence of the apex of branches; SL, stem length; SHA, root shape; DS, defects on the surface of the root; CT, cortical thickness; PCPe, predominant color of the periderm; INT, periderm color intensity; SCPe, secondary color of the periderm; PCPu, predominant color of the pulp; SCPu, secondary color of the pulp; DSC, distribution of the secondary color of the pulp.
CONCLUSIONS
According to the results, it can be concluded that there is wide genetic diversity among the sweet potato accessions collected in Vale do Ribeira; accessions did not group according to the collection point, and significant correlations between morphological descriptors were observed in 22.26% of the paired traits.
